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Rice-fallow and rice-rice are important cropping systems in India next to rice-wheat. Rice-fallow system 
faces critical resource shortages such as irrigation water and encounters salinity whereas, rice-rice 
system is heavily dependent on extensive non-renewable natural resources with poor resource use 
efficiency and unsustainability. Sustainable cropping intensification options through on-station and 
on-farm research have been developed under a multi-institutional project funded by the Australian 
Centre for International Agricultural Research (ACIAR) during 2015-2022 to address these challenges. 
The results showed that rice followed by zero tillage planting of potato with paddy straw mulching 
(ZTPSM), and the rice-potato ZTPSM-green gram cropping patterns are the most promising systems 
compared to conventional rice-rice rotation. System rice equivalent yield increased from 11.7 t ha-1 
in rice-rice to 20.2 t ha-1 in rice-potato ZTPSM - green gram (R-PZTPSM-GG). The soil salinity (ECe) 
diminished to <3.6 dS m-1 due to ZTPSM from 5.29-6.36 dS m-1 under conventional practice. There is 
scope to sustainably intensify the rice-fallow lands to atleast 200% cropping intensity from the current 
150% with additional net returns of ` 0.95 Lakhs ha-1. In addition, the R-PZTPSM-GG system has a 
lower environmental footprint due to lower irrigation water (0.31 m3 kg-1 rice-eq) requirement and lower 
carbon (10.1 t CO2-eq ha-1) emissions intensity than rice-rice system (1.19 m3 kg-1 rice and 30.5 t CO2-eq 
ha-1).  
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Cropping system sustainability for intensive 
resource use rotations such as rice-rice system of India 
occupying about 6 million hectares (M ha) of land has 
been a question in recent years due to poor resource use 
efficiency, micronutrient deficiency and deterioration of 
soil physical properties (Panda et al., 2018). Similarly, 
in most of the rice-fallow land use system areas in the 
eastern states of India about 40-50% of the population 
is classed as multi-dimensionally (health, education 
and standard of living) poor (NITI Aayog, 2021). 
These regions are also disadvantaged by poverty, food 
insecurity, environmental vulnerability and limited 
livelihood opportunities. Their land resources are 
vulnerable to degradation due to combinations of 
natural, hydrological and anthropogenic factors. The 
major drivers for the degradation of land are salinization, 

acidification, waterlogging with fresh/brackish water, 
drainage congestion, erosion, etc. In the eastern states 
of India, about 10 M ha (Uttar Pradesh 0.35 M ha, Bihar 
and Jharkhand 2.20 M ha, West Bengal 1.72 M ha, 
Odisha 1.22 M ha, Madhya Pradesh and Chhattisgarh 4.3 
M ha and Assam 0.54 M ha) of cultivable land remain 
fallow due to soil moisture depletion and irrigation 
water scarcity during the Rabi season after harvest of 
the Kharif rice (Kumar et al., 2019).

Sustainable intensification of such land needs 
improved package of practices which conserves soil 
moisture, facilitates early crop establishment, ensures 
profitability and has a positive effect on soil health and 
environment (Sarangi et al., 2021b). In these states, 
where irrigation facilities are available, Boro rice 
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is cultivated with intensive use of ground water for 
irrigation along with heavy inputs of fertilizers and plant 
protection chemicals. Our recent studies conducted 
in the salt-affected coastal zones of the Sundarbans, 
West Bengal revealed that profitable cropping system 
intensification is possible by the cultivation of arable 
crops such as potato under zero tillage (ZT) planting and 
paddy straw mulching (PSM) followed by cultivation 
of a pulse crop such as green gram with conservation 
of soil moisture, reduced use of irrigation water and 
less emission of greenhouse gases. In this paper, we 
present the results of our study on rice-rice and rice-
ZTPSM potato-green gram cropping systems conducted 
in the Indian Sundarbans, West Bengal, India. We 
hypothesized that following zero tillage planting and 
paddy straw mulching in dry season crops, sustainable 
cropping system intensification is possible in the coastal 
region of India. Zero tillage will enable earlier plating, 
while paddy straw mulching will help in the conservation 
of soil moisture, reduction of irrigation water use and 
salinity.

Materials and Methods

The study was conducted during 2016-2020 in the 
Sundarbans region of the Ganges Delta. The data for 
the rice-rice cropping system was collected from an 
on-station experiment conducted during 2016-17 and 
2017-18 at the Indian Council of Agricultural Research 
(ICAR)-Central Soil Salinity Research Institute (CSSRI), 
Regional Research Station, Canning Town (Latitude: 
22°15ʹ N, Longitude: 88°40ʹ E) and for rice-ZTPSM 
potato-green gram, data was collected from an on-farm 
experiment conducted at Gosaba island (Latitude: 22° 
06.414′ N to 22°12.570′ N and Longitude: 88°46.326′ 
E to 88°52.152′ E) during 2018-19 and 2019-20. Both 
Canning Town and Gosaba are within the Sundarbans 
region with similar soil texture (>40% clay) and agro-
climatic conditions (high annual rainfall of about 1800 
mm mostly falling during the wet season, with a long dry 
season characterized by high soil and water salinity). The 
rice-rice and rice-ZTPSM potato-green gram cropping 
systems were evaluated in terms of rice equivalent yield 
(REY), economics (cost of cultivation, gross return, net 
return and benefit cost ratio), irrigation water use and 
greenhouse gas (GHG) emissions.

In both the cropping systems, during the wet (Kharif) 

season, tall and long duration rice was grown under 
rainfed conditions. The fertilizer dose of Kharif rice 
was 75-40-10 kg N-P2O5-K2O ha-1. In rice-rice cropping 
system, during the dry (Boro) season, rice was grown 
with the use of groundwater for irrigation. Groundwater 
was lifted from more than 500 m depth using pumps 
consuming electric energy. A fertilizer dose of 120-20-10 
kg N-P2O5-K2O ha-1 was applied to Boro rice crop as urea 
(46% N), single super phosphate (16% P2O5) and muriate 
of potash (60% K2O), respectively. All of the P and K and 
25% of the N were applied prior to land levelling. Half 
of the N was broadcast 21 days after transplanting (DAT) 
and the remaining 25% was broadcast at 60 DAT. 

In rice-ZTPSM potato-green gram cropping system, 
after the harvest of rice, potato (cv. Kufri Pukhraj) was 
planted during the first week of December on wet soil 
with zero tillage. Tubers were sown at 10-15 cm hill to hill 
and 30-35 cm row to row distance. The potato experiment 
consisted of seven treatments viz., T1: conventional ridge 
and furrow cultivation with soil application of nutrients, 
T2: ZT planting+PSM @ 15 cm thickness (~9 t ha-1) 
with broadcasting of fertilizers, T3: ZT+PSM @ 15 cm 
thickness with foliar spray of water soluble fertilizers, T4: 
ZT+PSM @ 20 cm thickness (~12 t ha-1) with broadcasting 
of fertilizers, T5: ZT+PSM @ 20 cm thickness with 
foliar spray of soluble fertilizers, T6: ZT+PSM @ 25 
cm thickness (~15 t ha-1) with broadcasting of fertilizers 
and T7: ZT+PSM @ 25 cm thickness with foliar spray 
of soluble fertilizers. The tubers were covered with dry 
compost/farm yard manure (FYM @ 5 t ha-1), then NPK 
fertilizer (10-26-26) was applied, and finally the paddy 
straw was applied as per the treatment. Foliar spray (300 
L ha-1 at 10 g L-1) of water-soluble compound fertilizer 
(19-19-19 kg N-P2O5-K2O) was given at 30 and 45 days 
after planting (DAP). The third foliar spray (300 L ha-1 at 
2 g L-1) was given at 60 DAP with 13-0-45 kg N-P2O5-
K2O for better tuber growth. Fertilizer dose for potato 
crop was 100-75-75 kg N-P2O5-K2O ha-1. Potato tubers 
were harvested from the end of February to the first week 
of March. 

Immediately after the harvest of potato, green gram 
was sown and harvested within the second week of May. 
Rice Equivalent Yield (REY) was calculated by the 
formula (yield of rice × price of rice + yield of second 
crop, if any × price of second crop + yield of third crop, 
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Table 1. Major input data used in the Cool Farm Tool software for estimation of greenhouse gas emissions

if any × price of third crop)/ price of rice). Soil salinity 
(0-15 cm soil depth) was measured as the electrical con-
ductivity of saturation extract (ECe) in dS m-1 using an 
electrical conductivity meter (Systronics India Ltd., 
Ahmedabad, Gujarat, India). 

The economics of cropping systems were evaluated 
in terms of cost of cultivation, gross and net return. The 
cost of cultivation was worked out based on market prices 
of inputs. The input costs included costs of seed tubers, 
compost, chemical fertilizers, fungicides, irrigation 

and field operations. Labour for all the operations, 
including planting, application of paddy straw as mulch, 
compost for covering seed tubers, fertilizers, fungicides, 
irrigation water and harvesting was based on person days 
ha-1 assuming an 8 h working day. Gross returns were 
calculated by multiplying the crop yield (t ha-1) with the 
respective market price (` t-1). Net return is the gross 
return less cost of cultivation.The GHG emissions were 
estimated by use of the Cool Farm Tool software CFT 
v1.13 (https://coolfarmtool.org). Various input data as 

Inputs Kharif  rice Boro rice Potato Green gram
Grain/tuber yield (t ha-1) 6.14 5.51 18.14 1.50
Residue amount (t ha-1) 7.65 6.12 10.00 0.76
Soil type Silty clay Clay (fine) Silty clay Clay (fine)
Organic matter (%) 1.05 1.03 0.71 0.77
Soil organic carbon (%) 0.61 0.60 0.41 0.45
Soil pH 5.5-7.3 5.5-7.3 5.5-7.3 5.5-7.3
Flooding period (months) 5 4 - -
Fertilizers (kg ha-1)
Urea (46% N) 100 120 153.5 20
Super phosphate (21% P2O5) 40 20 - 20
Super phosphate (16% P2O5) - - 2.8 -
Potassium chloride (60% K2O) 10 10 - 10
NPK (10-26-26) - - 283 -
NPK (19-19-19) - - 6 -
NPK (13-0-45) - - 0.6 -
Insecticide (kg ha-1) 2 2 -
Fungicide (kg ha-1) - - - 0.04
Field operational energy use
Fuel use for tillage operations Diesel Diesel - -
Energy use for sowing/planting Human Diesel Diesel Diesel
Fuel use for harvesting Diesel Diesel Diesel Diesel
Irrigation Rainfed 12 nos. (1384 mm) 

from borehole/well 
with pumping depth of 
500 feet and horizontal 
distance of 50 m by 
electric source

4 nos. (355.3 
mm) from on-
farm storage 
pond by electric 
source

3 nos. (271.1 mm) 
from on-farm 
storage pond by 
electric source

Transport
Mode (Road) LGV diesel LGV/CNG/LPG LGV diesel LGV/CNG/LPG
Weight (tonnes) 13.5 7 18 1.5
Distance (km) 0.25 0.2 5 0.2
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per crops and cropping systems were entered into the 
software to get the emission value outputs (Table 1). Data 
were analyzed by using Statistical Tool for Agricultural 
Research (STAR) software developed by the International 
Rice Research Institute (IRRI) by using Eclipse Rice 
Client Platform and R language for crop scientists (http://
bbi.irri.org). The treatment means were compared by 
least significant difference (LSD) values calculated by the 
use of standard error and the Student’s t value using error 
degrees of freedom and 5% level of significance (Panse 
and Sukhatme, 1978).

Results  and  Discussion

Performance of potato under conventional vs ZT 
planting with paddy straw mulching

Mean potato tuber yields significantly increased 
from 21.4 t ha-1 under conventional ridge planting 
to 32.0 t ha-1 under ZT planting with paddy straw 
mulching. The thickness of paddy straw mulch as well 
as nutrient management are also important factors for 
higher yield of potato under ZT planting. When 15 cm 
thick mulch (~9 t ha-1) cover was used with broadcasting 
of fertilizers during 2018-19, the tuber yield was at 
par with conventional tillage. ZT planting with foliar 
application of nutrients had increased the yield of potato 
significantly. The irrigation water use was significantly 
reduced to 31.5 cm with ZTPSM compared to 47.7 cm 
under conventional cultivation practice. The reduction in 
irrigation water use in the ZTPSM was attributed to the 
effective use of carry over soil moisture from previous 
Kharif season due to early planting and reduction of 
evaporative loss by the straw mulch cover over the 
soil surface. The irrigation water productivity also 
increased to 1026 kg tuber ha-1 cm-1 in the developed 
package of potato cultivation from 448 kg tuber ha-1 
cm-1 under conventional practice (Table 2). There was 
a significant reduction in soil salinity development in 
the topsoil (0-15 cm), which is the main root zone for 
the Rabi season crops. The soil salinity was 5.29 - 6.36 
dS m-1 in conventional tillage practice of making ridges 
and furrows. Due to the ZT planting with PSM, the soil 
salinity was reduced, to the range of 2.19-3.58 dS m-1. 
In the coastal region of India, potato crop after Kharif 
rice is grown under irrigated situation by utilizing the 
conserved rainwater in water harvesting structures 
such as dug out pond. However, this crop cultivation 

is very limited in the salt-affected region due to the 
adverse impact of salinity on crop growth and yield 
(Sanwal et al., 2022). In the present study, tuber yield 
was significantly higher due to ZT planting with PSM, 
which enabled earlier crop establishment and mulching 
reduced salinity. To get better results of higher yield, 
reduced salinity and irrigation water productivity, PSM 
with more than 15 cm thickness (> 9 t ha-1) is essential. 
When potato crop is grown under conventional systems, 
there is a delay in crop establishment, as a result, the 
crop faces higher temperature and salinity regimes and 
ultimately lower production. Performance of potato 
crop is significantly affected by heat and drought stress 
during tuber bulking (Vanongeval and Gobin, 2023).

There was a significant reduction in the soil salinity 
level due to ZT planting combined with PSM compared 
to the conventional ridge and furrow cultivation of 
potato. The soil salinity was well below the critical 
level of 4 dS m-1 generally considered the threshold for 
saline soils (Shrivastava and Kumar, 2015). However, 
in another study (Paul et al., 2020), when no crop 
residues are used as mulch in wet clay soils, heavy soil 
disturbance, such as with bed planting has the potential 
to decrease soil salinity by maintaining a higher solute 
potential in the upper soil layers. Another option of 
coastal salinity management is the leaching and flushing 
of salts through irrigation water followed by drainage 
to remove salts from the crop root zone (Mainuddin et 
al., 2019).

Yield, profitability and water footprint of crops and 
cropping systems

The new cropping system (rice-ZTPSM potato- 
green gram) produced a rice equivalent yield (REY) of 
20.2 t ha-1 which was almost double than that recorded 
under the rice-rice cropping system (11.7 t ha-1). Among 
the individual crops, highest cost of cultivation was 
incurred for potato cultivation, due to higher seed rate 
requirement as well as the price of seed tubers. Boro rice 
cultivation is also cost intensive due to the investment in 
irrigation infrastructure as well as the cost of irrigation. 
Though the new cropping system involved a higher cost 
of cultivation, it was profitable with other advantages.
The gross and net returns from the new cropping system 
were higher compared to rice-rice system. This cropping 
system was also highly profitable as the net return was  
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Table 2. Effect of paddy straw mulching and foliar spray of nutrients on the performance of zero tillage sown potato in coastal 
	 salt-affected soils

Table 3. Rice equivalent yield (REY), profitability and water footprint of rice-rice and rice-ZTPSM potato-green gram cropping 
	 systems in the Ganges Delta

Treatments Tuber yield 
(t ha-1)

Irrigation water use 
(cm)

Water productivity
(kg tuber ha-1 cm-1)

Soil salinity
(ECe, dS m-1)

2018-19 2019-20 2018-19 2019-20 2018-19 2019-20 2018-19 2019-20
T1 21.5 21.2 49.5 46.0 434 463 6.36 5.29
T2 22.4 25.0 35.9 33.2 628 748 3.58 2.62
T3 29.6 28.3 35.9 32.9 830 853 3.45 2.56
T4 32.3 27.9 32.0 29.1 1005 958 3.12 2.43
T5 37.9 32.7 31.9 28.9 1185 1130 2.56 2.41
T6 40.1 30.9 30.8 28.1 1299 1099 2.45 2.23
T7 41.5 34.8 30.9 28.1 1340 1239 2.33 2.19

LSD (P=0.05) 4.17 3.10 2.0 2.03 138.2 106.2 0.31 0.27

` 2.06 lakh ha-1 year-1, compared to ` 1.12 lakh ha-1 
year-1 in the rice-rice cropping system. The higher yield 
and profitability under the new cropping system are 
obtained with less irrigation water footprint (0.31 m3 
kg-1 rice equivalent yield) compared to 1.19 m3 kg-1 rice 
equivalent yield in the rice-rice system (Table 3). 

The innovative crop establishment in the wet soil 
by ZT planting utilized the carry over soil moisture, 
subsequently PSM reduced evaporation loss and 
conserved soil moisture, thereby this method required 
less irrigation water input for successful potato 
cultivation. Good quality irrigation water is a precious 
and scarce resource in the salt affected coastal region of 

the Ganges Delta (Mainuddin et al., 2020). Reducing the 
water footprint in agriculture is a key factor for human 
welfare and sustainability on the planet (Bhatt et al., 
2021). In the rice-rice cropping system, the second crop 
of rice (Boro), requires heavy irrigation water inputs 
to the tune of 1444 mm, however, this depends on the 
sowing date and duration of the rice variety grown in 
the coastal region (Sarangi et al., 2021a). The double 
rice system also had significantly higher water footprint 
compared to rice-ratoon rice and rice-wheat system in 
China (Zhou et al., 2022). This suggests reduced water 
footprint could be a widespread benefit from replacing 
the double rice system with alternatives.

T1: Ridge and furrow cultivation with soil application of nutrients, T2: Zero tillage planting with paddy straw mulching 
(ZT+PSM) @ 15 cm thickness with broadcasting of fertilizers, T3: ZT+PSM @ 15 cm thickness with foliar spray of water 
soluble fertilizers, T4: ZT+PSM @ 20 cm thickness with broadcasting of fertilizers, T5: ZT+PSM @ 20 cm thickness with 
foliar spray of soluble fertilizers, T6: ZT+PSM @ 25 cm thickness with broadcasting of fertilizers and T7: ZT+PSM @ 25 cm 
thickness with foliar spray of soluble fertilizers

Crops/cropping systems REY
(t ha-1)

Cost of 
cultivation

(` ha-1)

Gross return
(` ha-1)

Net return 
(` ha-1)

Irrigation 
water use
(m3 ha-1)

Water footprint
(m3 kg-1 REY)

Kharif rice 6.14 39,000 1,04,380 65,380 - -
Boro rice 5.51 47,000 93,670 46,670 13840 2.51
Potato* 9.60 75,200 1,63,200 88,000 3553 0.37

Green gram* 4.42 22,000 75,140 53,140 2711 0.61
Rice-rice 11.65 86,000 1,98,050 1,12,050 13840 1.19

Rice-potato*-green gram* 20.16 1,36,200 3,42,720 2,06,520 6264 0.31
LSD (P=0.05) 0.79 - - - - -

*Zero tillage planting with paddy straw mulching (ZTPSM)



42(1)	 Zero tillage potato cultivation in coastal region 	 93

Environmental footprints / greenhouse gases (GHGs) 
emission from crops and cropping systems

GHGs emission from Kharif rice cultivation

Rice is the major crop during the Kharif season 
in the coastal region due to the high rainfall and low-
lying topography. About 4.59 t of CO2-eq ha-1 (Fig. 1a) 
was estimated for GHGs emission, of which 77% was 
due to paddy methane emission and rest to the fertilizer 
production and use, field energy use for land preparation 

and other tillage operations while a very small fraction 
was attributed to crop protection and transportation 
operations.

GHGs emission from Boro rice cultivation

Total estimated GHGs emission from Boro rice 
cultivation was 25.92 t of CO2-eq ha-1 (Fig. 1a), where 
the major cause of emission was due to use of energy 
(electricity) for pumping of ground water for irrigation 
at a depth of 500 ft below the field level. Standing water 

Fig. 1. Environmental foot prints of (a)Kharif and Boro rice, (b) potato crop under zero tillage planting and 
              paddy straw mulching and green gram cultivation in the coastal region of Sundarbans. The GHG emissions 
           were estimated by use of Cool Farm Tool software CFT v 1.13 (https://coolfarmtool.org/)
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Fig. 2. Environmental foot print of (a) rice-rice and (b) rice-ZT potato-green gram cropping system in coastal salt 
          affected region of Sundarbans, India. GHG emissions were estimated by use of Cool Farm Tool software CFT 
          v1.13 (https://coolfarmtool.org/)

conditions cause anaerobic conditions and methane 
emissions, which was the second most important factor 
(6.90 t of CO2-eq ha-1) for GHGs emission from Boro 
rice cultivation. Other important factors were fertilizer 
production and use, use of crop protection chemicals 
and energy use for transportation of the produce.

GHGs emission from improved potato cultivation

Potato cultivation by following the best practices for 
coastal saline soils, resulted in emissions of 4.10 t of CO2-
eq ha-1 (Fig.1b). Potato is an irrigated crop which needs 
energy for irrigation water application, energy for planting, 
application of inputs and harvesting. The field energy use is 
the major component followed by fertilizer application and 
residue management. However, recycling of crop residues 
in the improved package of practices contributes to carbon 
stock (0.22 t of CO2 - eq ha-1). Diversification of Boro 
rice area to potato cultivation with improved practices, 
significantly reduced the GHGs emission from 25.92 to 
4.10 t of CO2-eq ha-1.

GHGs emission from improved green gram 
cultivation

There is an opportunity for cultivation of green 
gram after harvest of potato, if the zero tillage planting 
practices are followed. Being a legume crop, it also fixes 

atmospheric nitrogen in the root zone. The total GHGs 
emissions due to green gram cultivation was estimated 
to be 1.39 t of CO2-eq ha-1 (Fig.1b). This crop also 
contributed to the soil carbon stock to the extent of 0.1 t 
of CO2-eq ha-1. The total GHGs emissions from potato 
and green gram were estimated to be 5.49 t of CO2-eq 
ha-1, which is significantly lesser than the emission from 
Boro rice (25.92 t of CO2-eq ha-1). 

GHGs emission from cropping systems

The system GHG emissions were computed for 
rice-rice (Fig. 2a) and rice-potato-green gram rotations 
(Fig. 2b). Continuation of the rice-rice system is a threat 
to environmental pollution by the emission of higher 
amounts of GHGs, mostly due to high levels of field 
energy use and paddy methane emissions. The alternative 
cropping system following zero tillage planting of potato 
after harvest of Kharif rice and growing a pulse crop 
(green gram) contributes to sustainable intensification 
by reducing the GHGs emission to about one third of 
the emissions from rice-rice system. The lower GHGs 
emission from the rice-potato-green gram cropping 
system is due to lower use of irrigation water, recycling 
of crop residues for soil organic carbon sequestration 
and inclusion of legume crops in rotation.
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Agriculture is a source as well as sink for 
greenhouse gases (GHGs) emission, there are now more 
and more voices about the need to reduce emissions 
(Golasa et al., 2021). Reports suggest that converting 
from continuous flooding to intermittent flooding lowers 
CH4 emissions by approximately 18% (Cowan et al., 
2021); however, in the coastal region during the Kharif 
season, there is no scope for drainage of excess water as 
all the surrounding fields are full with standing water. 
Though we have observed higher GHGs emission per 
unit area from Boro rice cultivation compared to Kharif 
rice, the aggregate emissions during the Kharif season 
are significantly higher due to the higher acreage under 
the Kharif rice across monsoon Asia (Ouyang et al., 
2023). The alternative cropping system involving ZT 
potato with PSM followed by green gram crop has been 
found to be environment friendly due to lower GHGs 
emission. Inclusion of green gram as a pulse crop has 
several advantages to soil, human beings and animals. 
Pulse crops are important components in sustainable 
human and animal diets as well as for cropping systems 
(Tidaker et al., 2021). Synthetic N fertilizers account 
for 10.6% of agricultural emissions and 2.1% of global 
GHG emissions (Menegat et al., 2022). Legume crops, 
fix atmospheric nitrogen, thereby reducing the need for 
added fertilizers (Gustafson, 2017), hence lower GHG 
emissions.

CONCLUSION

Rice-potato-green gram cropping system by 
following conservation agriculture practices such 
as zero tillage planting of potato and green gram and 
recycling of paddy straw as a mulch both in potato and 
green gram enabled sustainable intensification of rice-
fallow lands in the coastal saline zones. By following 
zero tillage planting with paddy straw mulching, potato 
tuber yield increased to the extent of 35.50 t ha-1 from 
21.35 t ha-1 under conventional ridge and furrow 
cultivation. About 18 cm of irrigation water can be 
saved by zero tillage planting and paddy straw mulching 
in potato. System rice equivalent yield increased from 
11.65 t ha-1 in rice-rice cropping system to 20.16 t ha-1 
in rice-potato ZTPSM-green gram cropping system. 
Under the alternative cropping system, the soil salinity 
(ECe) diminished to 2.19-3.58 dS m-1 from 5.29-6.36 
dS m-1 under conventional practice. There is scope to 
sustainably intensify the rice-fallow lands to 200% from 

the current 145% and to almost double net returns (` 
2.06 Lakhs ha-1) from the existing `1.12 Lakhs ha-1. Not 
only does it increase net return but the rice-potato-green 
gram system has lower irrigation water (0.31 m3 kg-1 
rice-eq) and carbon (10.09 t CO2-eq ha-1) footprints than 
rice-rice system (1.19 m3 kg-1 rice and 30.51 t CO2-eq 
ha-1). Total irrigation water use was significantly reduced 
to 6264 m3 ha-1 in rice-potato ZTPSM-green gram from 
13840 m3 ha-1 under rice-rice system.
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